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Abstract:
Objective: The objectives of this study were to: (1) evaluate the validity of the
Neonatal Facial Coding System (NFCS) for assessment of postoperative pain and (2)
explore whether the number of NFCS facial actions could be reduced for assessing
postoperative pain.
Design: Prospective, observational study.
Patients: Thirty-seven children (0–18 months old) undergoing major abdominal or
thoracic surgery.
Outcome Measures: The outcome measures were the NFCS, COMFORT “behav-
ior” scale, and a Visual Analog Scale (VAS), as well as heart rate, blood pressure, and
catecholamine and morphine plasma concentrations. At 3-hour intervals during the
first 24 hours after surgery, nurses recorded the children’s heart rates and blood
pressures and assigned COMFORT “behavior” and VAS scores. Simultaneously we
videotaped the children’s faces for NFCS coding. Plasma concentrations of catechol-
amine, morphine, and its metabolite M6G were determined just after surgery, and at 6,
12, and 24 hours postoperatively.
Results: All 10 NFCS items were combined into a single index of pain. This index
was significantly associated with COMFORT “behavior” and VAS scores, and with
heart rate and blood pressure, but not with catecholamine, morphine, or M6G plasma
concentrations. Multidimensional scaling revealed that brow bulge, eye squeeze, na-
solabial furrow, horizontal mouth stretch, and taut tongue could be combined into a
reduced measure of pain. The remaining items were not interrelated. This reduced
NFCS measure was also significantly associated with COMFORT “behavior” and
VAS scores, and with heart rate and blood pressure, but not with the catecholamine,
morphine, or M6G plasma concentrations.
Conclusion: This study demonstrates that the NFCS is a reliable, feasible, and valid
tool for assessing postoperative pain. The reduction of the NFCS to 5 items increases
the specificity for pain assessment without reducing the sensitivity and validity for
detecting changes in pain.
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Pain assessment during acute invasive procedures in
infants has been extensively studied. In contrast, mea-
suring postoperative pain or pain associated with pro-
longed neonatal diseases, such as necrotizing enteroco-
litis, meningitis, or osteomyelitis, has received little
attention. The manifestation of observable behaviors
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may not be obvious postoperatively, or behavioral
reactions may be diminished1,2 or not continuously
present.3 Moreover, sedatives may mask behavioral ex-
pression of pain.
Of all the nonverbal acute pain indicators, facial ex-
pression appears to be the most prominent. Not only do
facial expressions differentiate pain from anger and sad-
ness,4,5 for caregivers and nurses they are also more con-
sistent and salient than cry.6–8 Additionally, facial ex-
pression is more sensitive to noxious procedures than
cry, body movements, or heart rate.9,10 The importance
of the face has been acknowledged in all multidimen-
sional pain instruments. While there are few studies of
facial response during postoperative pain, descriptions
range from full “cry face” expression11 to grimacing,12,13
or a withdrawn or disinterested face with quivering chin
or clenched jaws.14
The Neonatal Facial Coding System (NFCS)15,16 has
been extensively used to assess acute pain. This is an
anatomically based measure in which the occurrences of
10 different facial actions are individually coded. It has
been validated for use in premature neonates,17–20 term-
born neonates,15,21 and infants up to 18 months of age.22
This coding system is sensitive to acute pain, as it dif-
ferentiates between noxious (eg, heel stick) and nonnox-
ious stimuli (eg, heel swab)17,23,24 and also between in-
fants receiving sucrose or morphine compared with
controls during invasive procedures.25–28 Its clinical
value for assessing pain postoperatively has not yet been
established.
Although the NFCS consists of 10 facial actions, some
investigators suggested that the 3 most commonly ob-
served facial actions (brow bulge, eye squeeze, and na-
solabial furrow) suffice for pain assessment.1,24,29,30
However, facial actions that are not universally observed
may still provide important information about individual
differences in pain expression.23 Moreover, they may
help in identifying subacute, chronic, or postoperative
pain. The finding that tongue protrusion is associated
with acute pain in preterm neonates 32 weeks of ges-
tation23 but not in term-born infants21 emphasises the
importance of evaluating the facial actions across devel-
opment and in diverse situations.
First, we wished to evaluate the validity of the NFCS
for assessing pain in the postoperative period. To this end
we compared the NFCS with a modified version of the
COMFORT scale (COMFORT “behavior” scale),12,31
the Visual Analog Scale (VAS), and with several physi-
ological measures (heart rate, blood pressure, catechol-
amine, and morphine plasma concentrations). Second,
we wished to identify how many of the items included in
the NFCS will suffice for valid assessment of postopera-
tive pain in infants.
METHODS
Participants
This prospective, observational study was part of a
larger double-blinded randomised clinical trial assessing
the efficacy of continuous morphine administration and
intermittent morphine administration after major surgery
in neonates and young infants up to 3 years of age.32
For this study we included neonates aged 0–4 weeks
with gestational age 35 weeks and birth weight
1500g, and infants up to 18 months, admitted to the
ICU after thoracic or abdominal surgery. Exclusion cri-
teria were (1) preoperative morphine or other opioids, (2)
sedative drugs or muscle relaxants, (3) hepatic or renal
dysfunction, (4) neurologic damage, (5) altered muscle
tone, or (6) preoperative anemia (hematocrit less than
30%). The hospital’s medical-ethical committee ap-
proved the study, and parental informed consent was
obtained.
Measures
NFCS
The Neonatal Facial Coding System (NFCS) com-
prises 10 discrete facial actions: brow bulge, eye
squeeze, nasolabial furrow, open lips, horizontal mouth
stretch, vertical mouth stretch, taut tongue, lip purse,
chin quiver, and tongue protrusion.15,16 To compare the
NFCS with the other measures, the total duration of oc-
currence of all 10 facial actions was used (NFCS total).
COMFORT
The COMFORT “behavior” scale12 is an adaptation of
the original COMFORT scale.31 The adapted version
leaves out the physiological items “heart rate” (HR) and
“mean arterial blood pressure” (BP) because in the post-
operative pain situation they do not add information to
that obtained from the behavioral items of the original
COMFORT scale.12 The item “Crying” was added for
spontaneously breathing infants. The adapted COMFORT
scale thus comprises the behavioral items alertness,
calmness, muscle tone, physical movement, facial ten-
sion, and respiratory behavior/crying. Respiratory behav-
ior is scored only in ventilated patients and Crying in
nonventilated patients. The 6 items are scored on a
5-point scale, ranging from 1 to 5, with total score rang-
ing from 6 to 30. The COMFORT “behavior” scale has
been shown to be reliable and valid for the postoperative
pain situation.12
VAS
The Visual Analog Scale (VAS) is a horizontal con-
tinuous 10-cm line with the anchors “no pain” at the left
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side and “extreme pain” at the right side. The VAS was
scored by the nurses at the bedside. Congruent validity of
nurses using a VAS has been demonstrated.33,34
Physiological and hormonal indices
Heart rate (HR) and blood pressure (BP) were mea-
sured with the Hewlett Packard Component Monitoring
System (Böblingen, Germany). The raw data were used
to calculate the level (mean) and variability (standard
deviation) of HR and BP (HR mean, BP mean, HR var,
and BP var, respectively). Concurrent validity of these
physiological indicators has been established with the
COMFORT “behavior” scale.35
Catecholamine responses
Catecholamine plasma concentrations of adrenaline
and noradrenaline were measured by HPLC using the
fluorometric assay method.32
Morphine
Plasma concentrations of morphine and its metabolite
M6G were assessed using the fluorometric immunoassay
method.
PROCEDURES
General
Anesthesia was standardized for all patients. After the
induction of anesthesia, an arterial line was placed from
which blood samples were drawn for catecholamine and
morphine plasma concentration determination. Random
postoperative analgesia consisted of either a continuous
morphine infusion (10 g kg h−1) or intermittent mor-
phine administration (30 g kg−1) at 3-hour intervals. If
a child was judged to suffer moderate to severe pain
(VAS 4), additional morphine was administered in bo-
lus doses of 10 g kg−1. Endotracheally intubated pa-
tients had small plasters at the upper lip and at the upper
part of the forehead (not covering the corrugator super-
cilii or the pyramidalis nasi) to fixate the tube.
Data collection
Each child was observed by a nurse during nine 120-
second periods, the first on admission to the pediatric
ICU and the remaining observations at 3-hour intervals
up to 24 hours postoperatively. After each observation
period the nurse assigned a COMFORT “behavior” and
a VAS scores. During each observation the nurse regis-
tered HR and BP every 20 seconds. Video recordings
were simultaneously carried out, providing a full view of
the child’s face. Arterial blood samples for catechol-
amine and morphine plasma concentrations were taken
after surgery and at 6, 12, and 24 hours postoperatively.
Video recording and NFCS coding
Video recordings were carried out with a VHS color
camera (Hitachi VM-S7200E) and videocassette re-
corder (Panasonic AG 5700). Each frame of the video
recording was marked with a Vertical Interval Time
Code (Adrienne Electronics Corporation, Las Vegas,
NV), which allowed for coding of specific sections of the
videotape. The Observer 3.0 Base Package for Win-
dows36 and the Observer 4.0 Software Package for video
analysis37 were used for video coding, which include
remote control, stop action, and slow motion playback.
NFCS coding was carried out by 2 coders (JWBP and
MJvD), each conducting about half of the sessions.
Coder JWBP was trained before by REG. For each ob-
servation period separate video playbacks were used to
code each facial action for presence or absence. The
Observer system36,37 was used in which computer key-
board entries marked the onset and offset of each facial
movement. This enabled calculation of the total duration
of occurrence of each facial action during 120 seconds.
NFCS coders were blinded to the COMFORT “behav-
ior” and VAS scores and the physiological parameters.
Reliability assessment
NFCS reliability coding was carried out on 10 ran-
domly selected video recordings. Inter-observer reliabil-
ity was calculated for each facial action using the con-
servative Facial Action Coding System formula.15,38
Reliability for the COMFORT “behavior” scale was
assessed when nurses were trained to use this scale. After
training, each nurse completed at bedside 10 COMFORT
assessments with an experienced colleague. Inter-
observer reliability was assessed by linearly weighted
Cohen’s .
Data analysis
Associations between NFCS, COMFORT “behavior”,
and VAS scores on the one hand and the physiological
and hormonal indices and morphine plasma concentra-
tions on the other hand were determined by Random
Regression Modeling (RRM) for continuous data, using
the SAS 6.12 program for Windows. RRM is a highly
flexible approach for repeated measurements because it
models changes across time at both group and individual
levels. In contrast with MANOVA for repeated mea-
sures, RRM is not restricted to modeling time as a fixed
effect as both the number of measurements across time
and the moments of measurement may vary. RRM can
handle missing data with the constraint that these are
assumed to be at random. Compound symmetry is not
required because the variance and covariance structure
across time may also have other kinds of error structure.
In this study the error is assumed to be unstructured,
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which allows variances and correlations to diverge
across time. RRM estimates the longitudinal trend (of
any kind) for every child on the basis of individual data,
augmented by time trend. The following clinical vari-
ables were entered in the regression model as co-
variates: time, morphine administration condition (CM
and IM), age, sex, and mechanical ventilation.
With respect to the second aim of this study, namely,
determining the minimum number of NFCS facial ac-
tions required for valid assessment of postoperative pain,
we carried out a 3-step procedure. First, we assessed the
complexity of the structure of facial actions using Mul-
tidimensional Scaling with SPSS 9.0 for Windows. Dis-
tances 1.0 between stimuli coordinates were regarded
as substantial. For the purpose of this analysis each ob-
servational event of 120 seconds was divided into 24
equally spaced intervals of 5 seconds in which the coder
identified the occurrence of the facial actions. Intervals
of 5 seconds were considered suitable for the postopera-
tive or chronic pain situation. An S-stress value of 0.15
was regarded as good fit.
Secondly, on the basis of the outcome of multidimen-
sional scaling, RRM was carried out again with the same
covariates as in the previous RRM analyses. Stepwise
backward elimination (one by one; P out >0.10) served
to obtain only the relevant facial variables. Conversely,
none of covariates was removed from the model.
Thirdly, comparisons were made between the models
found in step 2 and those with NFCS total. Three mea-
sures of model fit were used for model comparisons, ie,
−2 Residual Log Likelihood ratio, Akaike’s information
criterion (AIC),39 and Schwarz’s Information Criterion
(SIC).40 Likelihood ratio tests were used to assess wheth-
er item reduction would lead to worse model fits, as
reflected by −2 Residual Log Likelihood ratios.41 With
respect to AIC and SIC, larger values indicate a better fit.
To achieve normal distributions, transformations
(natural logarithm) were carried out on VAS, HR var,
BP var, adrenaline, noradrenaline, and morphine plus
M6G. For the sake of comparability and interpretability
of the different regression coefficients, all independent
variables were transformed into z scores. All significance
testing was at the 0.05 level (2-sided).
RESULTS
Subject characteristics
The background characteristics of the 37 children are
presented in Table 1. Twenty-eight (76%) were younger
than 6 months, and 27 (73%) had undergone an abdomi-
nal operation. Postoperative mechanical ventilation was
necessary in 16 (43%) children for at least 24 hours and
in 3 (8%) children for about 12–24 hours. Sixty video
recordings were missing: due to night time (n  39),
admission at the ICU (n 9), and not codeable (n 12).
Reliability of the behavioral scales
Inter-observer agreement for the NFCS ranged from
0.84 for vertical mouth stretch to 1.0 for open lips. Co-
hen’s  for the items on the COMFORT “behavior” scale
ranged between 0.54 for respiratory response and 0.74
for alertness, which can be considered satisfactory.12
Association between the NFCS and other
pain indices
RRM showed that NFCS total was significantly asso-
ciated with VAS (P < 0.001) and COMFORT “behavior”
scores (P < 0.001) and also with HR mean (P < 0.001),
BP mean (P < 0.001), HR var (P < 0.001), and BP var (P
 0.007). No significant associations were found be-
tween the NFCS total scores on the one hand and adrena-
line, noradrenaline, morphine, or M6G plasma concen-
trations on the other hand.
The standardised regression coefficients in Table 2
show that the prediction of NFCS total was highest for
COMFORT “behavior”. This degree of predictability
is somewhat better than for HR mean or VAS, ie, 1.4 and
1.6 times, respectively, and is much better than for
BP var, ie, 3.2 times.
TABLE 1. Background characteristics of the children
(N = 37)
n %
Age group
Neonates (0–4 weeks) 11 30
Young infants (4 weeks–6 months) 17 46
Infants (6–18 months) 9 24
Sex
Male 19 51
Female 18 49
Site of surgery
Abdominal high/low 27 73
Thoracic (with or without abdominal) 9 24
Superficial 1 3
Surgical procedures
Stoma closure 9 24
Miscellaneous (diaphragmatic paresis,
tumour, teratoma cyst, choledochal atresia,
Hirschsprung’s disease) 6 16
Tracheo-oesophagal atresia 4 11
Lobectomy 4 11
Septic gastro-intestinal (intussusception,
perforation, ileus) 4 11
Intestinal atresia/malrotation 3 8
Congenital diaphragmatic hernia 3 8
Gastroschisis 1 3
Nephrectomy 1 3
Nissen fundoplication 1 3
Colon interposition 1 3
Postoperative mechanical ventilation
None 18 49
12–24 hours 3 8
>24 hours 16 43
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The clinical relevance of these associations is depicted
in Figure 1. This figure presents unstandardized coefficients
as well as all co-variates significantly related to the out-
come measures. When the NFCS total increased from
minimum to maximum activity score (ie, maximum
NFCS total score was 600), the increase in VAS scores
ranged between 1.8 and 3.0. COMFORT “behavior”
scores increased 11 points, HR mean 37 beats, and
BP mean 20 mm Hg. The increase in HR var ranged
between 0.6 and 0.7, and the increase in BP var ranged
between 2.7 and 3.6.
Figure 1 further indicates that VAS scores in the early
postoperative period were higher than those scores 24
hours after surgery (P < 0.001). VAS scores were also
higher in young infants than in neonates or infants (P
0.044). BP mean in neonates was lower than that in
(young) infants (P < 0.001) and higher in mechanically
ventilated children compared with the spontaneous
breathing ones (P  0.005). Mechanically venti-
lated children had also higher BP var and HR var values
than the spontaneous breathing ones (P  0.045 and
0.002). With respect to HR var, these values were also
higher in young infants than in neonates and infants
(P  0.021).
Empirical complexity of the NFCS
Multidimensional Scaling revealed a 4-dimensional
configuration. Five of the 10 facial actions appeared to
cluster homogeneously and could consequently be
grouped together; these are brow bulge, eye squeeze,
nasolabial furrow, horizontal mouth stretch, and taut
tongue. These 5 substantially interrelated items were
combined into a single index (NFCS subset). The
other items were not interrelated (see Table 3). The
NFCS subset score was derived from summating the du-
ration of presence of the observed 5 facial actions. As the
other items turned out to be independent, they were ana-
lyzed as individual variables.
Association between item-reduced NFCS and other
pain indices
The NFCS subset and the other 5 independent facial
variables were entered into RRM. The findings were
similar to those in the previous section (see Table 4). Of
these variables, only the NFCS subset significantly esti-
mated VAS (P < 0.001), COMFORT “behavior” (P <
0.001), HR mean (P < 0.001), BP mean (P < 0.001),
HR var (P < 0.001), and BP var (P  0.006), respec-
tively. With respect to the 5 independent facial actions,
open lips were related to VAS (P  0.013) and to
HR mean (P  0.007). Vertical mouth stretch was re-
lated to BP mean (P  0.050). In contrast, chin quiver
was negatively related to COMFORT “behavior” (P 
0.022) (see Table 4). Adrenaline, noradrenaline, mor-
phine, and M6G plasma concentrations were not related
to either the NFCS subset or any of the independent
NFCS items.
Because only the NFCS subset provided results simi-
lar to those of the NFCS total, the other 5 independent
items were removed from the model. Likewise, RRM
demonstrated that the predictability of NFCS subset was
again the highest for COMFORT “behavior”. The degree
of predictability was better than that for HR mean or
VAS, ie, 1.4 and 1.6 times, respectively, and was much
better than for BP var, ie, 3.4 times (see Table 4).
The clinical relevance of these findings is depicted in
Figure 2. It demonstrates that the association between
NFCS subset, COMFORT “behavior”, and VAS, HR
mean, BP mean, HR var, and BP var equalled that of
the NFCS total. For example, when facial activity
increased from minimum to maximum activity (ie,
maximum NFCS subset score was 500), the predicted
increase in VAS scores ranged between 2.5 and 3.7. The
COMFORT “behavior” scores increased 12 points, HR
mean 29 beats, and BP mean 19 mm Hg. The increase in
TABLE 2. Overview of NFCS total associations
NFCS total
 (SE)
NFCS total
 (SE)
LN (VAS) COMFORT
Time −0.25 (0.06)*** −0.03 (0.07)
Morphine −0.07 (0.09) −0.02 (0.08)
Age (1) 0.17 (0.12) 0.09 (0.12)
Age (2) 0.22 (0.11)* 0.13 (0.10)
Sex −0.10 (0.09) −0.05 (0.08)
Mech vent 0.21 (0.10)¶ 0.18 (0.10)¶
NFCS 0.31 (0.05)*** 0.48 (0.05)***
HR mean BP mean
Time 0.00 (0.07) 0.07 (0.05)
Morphine −0.07 (0.12) 0.00 (0.09)
Age (1) −0.36 (0.17)* −0.53 (0.13)***
Age (2) −0.27 (0.15)¶ −0.03 (0.11)
Sex −0.20 (0.12)¶ −0.14 (0.09)
Mech vent −0.08 (0.12) 0.27 (0.09)**
NFCS 0.34 (0.04)*** 0.23 (0.03)***
LN (HR var) LN (BP var)
Time 0.02 (0.06) −0.02 (0.08)
Morphine −0.01 (0.07) 0.01 (0.10)
Age (1) 0.01 (0.10) 0.00 (0.15)
Age (2) 0.20 (0.09)* 0.16 (0.13)
Sex −0.07 (0.07) −0.11 (0.10)
Mech vent 0.27 (0.09)** 0.24 (0.12)*
NFCS 0.26 (0.06)*** 0.15 (0.05)**
Note. This table presents all standardized regression coefficients and
standard errors [ (SE)] from each RRM model in which NFCS total
was entered.
Abbreviations: LN (VAS), logarithmic transformed VAS; LN (HR var),
logarithmic transformed HR var; LN (BP var), logarithmic transformed
BP var; Time, time postoperative; Morphine, continuous or intermittent
morphine; Age (1), 0–4 weeks; Age (2), 4 weeks–6 months; Mech vent,
spontaneous breathing or mechanical ventilation; ¶P  0.10; *P 
0.05; **P < 0.01; ***P < 0.001.
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HR var ranged between 3.0 and 3.7; the increase in BP
var was 3.0.
In addition, VAS scores in the early postoperative
period were higher than those 24 hours after surgery
(P < 0.001). VAS scores in young infants also exceeded
those in neonates and infants (P 0.049). HR mean was
lowest in neonates compared with (young) infants
(P  0.013). HR var in young infants was higher than
that in neonates or infants (P 0.026) and in mechani-
cally ventilated children (P  0.014). BP mean was
lowest in neonates and highest in mechanically venti-
lated children than in spontaneous breathing children
(P < 0.001 and P  0.013, respectively).
Performance of item-reduced NFCS
Comparison between the standardised regression co-
efficients of Tables 2 and 4 demonstrated that the pre-
dictability of the NFCS subset coefficients equalled that of
the NFCS total. This was supported by the likelihood ratio
tests, demonstrating no significant differences between the
−2 Residual Log Likelihood ratios. AIC and SIC also
showed that there were no significant differences between
FIGURE 1. Relation between NFCS and other pain indices. Only significant estimates (ie, NFCS total and covariates) are included.
Min, NFCS subset score equals 0; Max, NFCS subset score equals 600; Spont, spontaneous breathing; Mech, mechanical ventilation;
1 hr, 1 hour after surgery; 24 hr, 24 hours after surgery; Age (1), 0–4 weeks; Age (2), 4 weeks to 6 months; Age (3), 6–18 months.
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these values of model fit (see Table 5). These findings
imply that reducing the NFCS to the content of the
NFCS subset did not induce substantial loss of information.
DISCUSSION
The NFCS was associated with other behavioral and
physiological indicators of pain in neonates and infants,
indicating that it is sensitive to changes in postoperative
pain. In addition, the original NFCS can be reduced to a
subset of 5 core facial actions, ie, brow bulge, eye
squeeze, nasolabial furrow, horizontal mouth stretch, and
taut tongue, without unfavourable consequences for its
sensitivity.
Psychometric qualities of the (item-reduced) NFCS
Our findings demonstrate that the NFCS has good psy-
chometric properties in the postoperative pain situation.
Good inter-rater reliability was obtained easily and was
as high for postoperative pain as demonstrated for acute
pain.15,23
Furthermore, we established content validity of the
NFCS for postoperative pain assessment, especially of
the reduced version, as brow bulge, eye squeeze, naso-
labial furrow, horizontal mouth stretch, and taut tongue
together form a facial display of pain. This finding is
supported by many commonalities between this configu-
ration and those facial actions widely accepted as indices
of acute pain in neonates and infants,15,38,42 of postop-
erative pain in children aged 1–6 years,43 and of acute or
chronic pain in adults.44–46 These 5 core facial actions
carry the bulk of information and are robust across post-
operative and acute pain situations in infancy.9,17,18,38
Furthermore, our findings suggest that the other 5 fa-
cial actions do not supply extra information either be-
cause of low specificity or sensitivity, or both. Open lips
were not interrelated with any of the 5 core facial actions
and was only associated with VAS and HR mean. In
contrast, in studies of acute pain, open lips were part of
the core facial actions. However, these studies only used
data obtained during pain and not during baseline or the
recovery period. This procedure carries the risk that fa-
cial actions with low specificity, such as open lips,29,43
are not excluded from the NFCS. In our study, therefore,
all observational periods were used to delete those facial
actions that lack sensitivity and specificity.
With respect to the other independent facial actions,
chin quiver was found to be negatively related with in-
creasing COMFORT “behavior” scores, suggesting no
sensitivity or specificity for postoperative pain assess-
ment. We also found that lip purse was not related to any
of the postoperative pain-related indicators. Consistent
with previous studies,17,21,23,38 we dropped lip purse be-
cause of low occurrence. Tongue protrusion was also not
related to any of the postoperative pain-related indices.
This facial action, however, has been observed as pain
related in premature infants only.23 In term-born infants,
it has not been observed during pain.21
The role of vertical mouth stretch is not clear yet. We
omitted this facial action from the NFCS as there was no
relation with the 5 core facial actions or any of the post-
operative pain-related indices, except BP mean. In (pre-
mature) neonates this facial action has been associated
with acute pain, although its sensitivity is small com-
pared with that of the upper facial actions15,17,18,23,29,38
and similar to that in healthy term-born neonates.15,21
For infants aged 2–28 months, horizontal mouth stretch
as well as vertical mouth stretch were eliminated from
the NFCS because of infrequent occurrence.22 While
some studies in adults found vertical stretching of the
mouth during pain,44,45 others did not.46,47 It has been
suggested that vertical mouth stretch is more likely to
occur during severe pain.42,47,48 In our study, however,
severe pain was observed only infrequently, probably
because all children received morphine.
For the above reasons we concluded that open lips,
chin quiver, lip purse, tongue protrusion, and vertical
mouth stretch can be deleted from the NFCS when as-
sessing acute or postoperative pain in infants with birth
weight above 1500g, up to 18 months. However, for
infants born at lower birth weight undergoing neo-
natal intensive care, specific NFCS items remain to be
evaluated.
Association of the item-reduced NFCS with other
pain-related indices
Congruent validity is another requisite of instrument
development. We demonstrated validity, showing that
the NFCS scores were associated with the behavioral and
TABLE 3. Coordinates of each facial action for the
four dimensions
Dimensions
1 2 3 4
Brow bulge −0.14 −0.03 −0.03 0.03
Eye squeeze 0.03 −0.01 0.05 −0.12
Nasolabial furrow −0.08 0.04 0.13 0.05
Open lips −1.84 0.57 −0.35 −0.78
Horizontal mouth stretch 0.07 0.10 0.27 −0.12
Vertical mouth stretch −0.06 −0.20 0.14 2.46
Taut tongue 0.13 −0.10 0.25 0.15
Tongue protrusion −2.92 2.43 0.28 0.33
Lip purse −2.87 −0.81 −2.07 0.31
Chin quiver −3.27 −1.46 1.74 0.29
Note. Outcome of multidimensional scaling; distances1.0 between
the stimuli coordinates are defined as substantial.
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physiological (ie, heart rate and blood pressure) indices
postoperatively. Reducing the NFCS to 5 items did not
affect any of these associations, suggesting that the con-
gruent validity of the reduced version equals that of the
complete NFCS.
As both the NFCS and the COMFORT “behavior”
scale measure facial behavior, we expected that they
would correlate more highly with each other than with
nonfacial measures. This expectation was confirmed. We
also expected that the association between NFCS and
VAS would equal that between NFCS and COMFORT
“behavior”, because the COMFORT “behavior” and
VAS previously proved to be highly interrelated (R 
0.89).12 Moreover, nurses have reported that they rely
heavily on facial action when estimating pain.8 In our
study, however, the association of NFCS with VAS was
lower than that with COMFORT “behavior”. This sug-
gests that nurses did not rely mainly on facial activity but
rather on body movements, possibly because they had
been using the COMFORT scale.
TABLE 4. Overview of associations of the NFCS_subset with and without the 5 independent
NFCS items
NFCS_subset and
independent NFCS items
 (SE)
NFCS_subset
 (SE)
NFCS_subset and
independent NFCS items
 (SE)
NFCS_subset
 (SE)
LN(VAS) COMFORT
Time −0.28 (0.05)*** −0.27 (0.06)*** −0.06 (0.06) −0.05 (0.07)
Morphine −0.07 (0.09) −0.10 (0.08) −0.07 (0.07) −0.07 (0.07)
Age (1) 0.18 (0.13) 0.13 (0.12) 0.02 (0.11) 0.01 (0.11)
Age (2) 0.25 (0.11)* 0.21 (0.10)* 0.14 (0.09) 0.11 (0.09)
Sex −0.11 (0.09) −0.09 (0.08) −0.05 (0.07) −0.04 (0.07)
Mech vent 0.20 (0.10)¶ 0.16 (0.10) 0.07 (0.09) 0.08 (0.09)
NFCS 0.25 (0.05)*** 0.29 (0.05)*** 0.46 (0.05)*** 0.48 (0.05)***
OL 0.14 (0.06)* —
VMS — —
TP — —
CQ −0.10 (0.06)¶ −0.12 (0.05)*
LP — —
HR_mean BP_mean
Time −0.01 (0.06) −0.02 (0.06) 0.06 (0.05)¶ 0.05 (0.05)
Morphine −0.07 (0.12) −0.11 (0.12) −0.02 (0.09) 0.03 (0.09)
Age (1) −0.36 (0.17)* −0.41 (0.17)* −0.57 (0.12)*** −0.57 (0.12)***
Age (2) −0.25 (0.15)¶ −0.27 (0.15)¶ −0.05 (0.11) −0.05 (0.11)
Sex −0.20 (0.12)¶ −0.20 (0.12)¶ −0.14 (0.09) −0.13 (0.09)
Mech vent −0.09 (0.12) −0.14 (0.12) 0.23 (0.09)* 0.23 (0.09)*
NFCS 0.29 (0.04)*** 0.32 (0.04)*** 0.20 (0.04)*** 0.23 (0.03)***
OL 0.15 (0.05)** —
VMS — 0.07 (0.04)*
TP — —
CQ — —
LP — —
LN(HR_var) LN(BP_var)
Time 0.00 (0.06) 0.00 (0.06) −0.02 (0.08) −0.02 (0.08)
Morphine −0.03 (0.07) −0.03 (0.07) 0.00 (0.10) −0.01 (0.10)
Age (1) −0.04 (0.10) −0.04 (0.10) −0.04 (0.15) −0.03 (0.15)
Age (2) 0.19 (0.08)* 0.19 (0.08)* 0.14 (0.13) 0.16 (0.13)
Sex −0.06 (0.07) −0.06 (0.07) −0.10 (0.10) −0.10 (0.10)
Mech vent 0.21 (0.08)* 0.21 (0.08)* 0.20 (0.12)¶ 0.21 (0.12)¶
NFCS 0.27 (0.06)*** 0.27 (0.06)*** 0.14 (0.05)** 0.14 (0.05)**
OL — —
VMS — —
TP — 0.11 (0.06)¶
CQ — —
LP — —
Note. The columns NFCS subset and independent NFCS items present the standardized regression coefficients
and standard errors [ (SE)] provided after backward elimination (P out 0.10). The columns NFCS subset present
the  (SE) from each RRM model in which only NFCS subset was entered.
Abbreviations: LN (VAS), logarithmic transformed VAS; LN (HR var), logarithmic transformed HR var;
LN (BP var), logarithmic transformed BP var; OL, open lips; VMS, vertical mouth stretch; TP, tongue protru-
sion; CQ, chin quiver; LP, lip purse; Time, time postoperative; Morphine, continuous or intermittent morphine;
Age (1), 0–4 weeks; Age (2), 4 weeks–6 months; Mech vent, spontaneous breathing or mechanical ventilation;
¶P  0.10; *P  0.05; **P < 0.01; ***P < 0.001.
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In addition, we also found that, independent of the
amount of facial activity, VAS scores decreased over
time and were lower in mechanically ventilated children
as compared with spontaneously breathing children.
These findings suggest that apart from overt behavior,
nurses also take into account additional information
when assigning VAS scores.49–51 Further research is
needed to examine which indicators they attend to under
various conditions.
In this study the association of the NFCS with heart
rate or blood pressure was lower than that between
NFCS and COMFORT “behavior”. This was consistent
with dissociations between behavioral and physiological
reactivity found in other studies.35,52 However, the
strength of associations between behavioral pain indica-
tors and heart rate or blood pressure increases with in-
creasing pain scores.35 Severe pain was uncommon in
this study.
We found no association between facial responsive-
ness and catecholamine responses. The latter were
thought to be good measures for evaluating congruent
validity because they are blunted by appropriate analge-
sia during surgery53,54 and in the ICU.27 Our findings
are consistent with other studies demonstrating no clear
FIGURE 2. Relation between item-reduced NFCS and other pain indices. Only significant estimates (ie, NFCS subset and covariates)
are included. Min, NFCS subset score equals 0; Max, NFCS subset score equals 500; Spont, spontaneous breathing; Mech, mechanical
ventilation; 1 hr, 1 hour after surgery; 24 hr, 24 hours after surgery; Age (1), 0–4 weeks; Age (2), 4 weeks to 6 months; Age (3), 6–18
months.
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association between behavioral reactivity and stress hor-
mones.32,55–57 This discrepancy can be explained by the
fact that catecholamine responses are only sensitive for
severe pain27,53,54 but not for minor pain following in-
oculation55,56 or when children are given pain relief.32,57
Catecholamine responses, therefore, appear to be useful
only in cases of severe pain. Even then, it remains nec-
essary to control for aspects other than pain.58,59
Clinical implications of the item-reduced NFCS
An important clinical question concerns the added
value of the NFCS compared with multidimensional
postoperative pain measures. The NFCS facial actions
are well defined, in contrast to the global and sometimes
vague descriptions of pain-related behaviors in most
multidimensional pain assessment instruments. Sec-
ondly, the NFCS has greater specificity than multidimen-
sional pain measures, as the facial configuration of pain
can be distinguished from emotional states.4 For ex-
ample, when anger or sadness is apparent, NFCS scores
will be lower as the pain face includes different facial
actions than facial configurations of anger or sadness.
Multidimensional pain measures appear to lack this abil-
ity to differentiate. Thirdly, in the postoperative situation
the NFCS appears to be more sensitive to morphine than
COMFORT or VAS60 and in the acute pain situation in
comparison to the NIPS.27
In this study the facial actions were painstakingly
coded using fine-grained video analysis afterwards. In
others studies the NFCS has also been used in real time
at bedside to assess acute pain,20,23,27 with inter-observer
reliability as high as that obtained from video analyses.23
This finding combined with our findings suggest that the
NFCS might also be used at bedside to assess postop-
erative pain. Moreover, the proposed item reduction
would improve the utility of this scale.
In summary, this is the first study demonstrating that
the facial actions that characterize acute pain are also
valid indicators of postoperative pain. Content and con-
gruent validity for the postoperative period were estab-
lished, as well as a first phase of construct validity. This
study is consistent with previous findings, demonstrating
good reliability and feasibility of the NFCS for the as-
sessment of pain in infants and young children. Reducing
the NFCS to 5 items appears to increase the specificity
for pain assessment without reducing the sensitivity and
validity for detecting changes in pain.
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